Introduction
Current Meteorological Satellites are particularly useful for the observations of active volcanoes because they occupy favorable geostationary (GOES E and GOES W) and polar-orbiting (NOAA 12-15) platforms and because they carry dual-band thermal infrared sensors which can sense volcanic ash using the split window algorithm [Prata, 1989; Rose & Schneider, 1996; Davies & Rose, 1997] . Fine (diameter 1-25 gm) silicate ash particles in volcanic clouds absorb and scatter infrared radiation differently than meteorological cloud particles (ice and liquid water), allowing for the two-band IR discrimination. Here we explore such data for assessing the relative size of small eruptions of Soufri•re Hills, Montserrat. We use data collected approximately every 30 minutes from the geostationary GOES E platform and an algorithm for converting thermal infrared brightness temperature (BT) and brightness temperature differences (BTD) of dual thermal infrared channels of the GOES to the mass of fine (1-25 gm diameter) silicate ash in volcanic clouds [Wen & Rose, 1994] . This algorithm has been applied to several larger eruptions [Schneider et Here we evaluate the sensivity of the algorithm to small ash clouds. The application to small events helps define detection limits for volcanic clouds using the GOES two-band IR. [Krotkov et aI, 1999] , which gives strong qualitative support for the retrieval, by demonstrating that two independent sensors see clouds with similar positions, shapes and 2D optical depth patterns. We are now trying to use distal ash fallout maps (which are quite rare) to validate results, but this method is unlikely to be totally satisfactory, because fine particles in volcanic clouds more than a few hours old fall out very slowly and may largely be carried beyond the region of identifiable fallout deposits [Rose, 1993; Bonadonna et aI, 1998 ].
Assumptions and accuracy
We cannot evaluate (without validation) a limit for the mass of fine ash in a volcanic cloud that can be detected at Montserrat without atmospheric correction. The detector noise (see above), that we compound when we use BTD values and the fact that several contiguous pixels need to be anomalous for a clear detection are important in the minimum scale of cloud which can be detected. We note that the lowest fine ash mass reported (table 2) is 155 tonnes. In the future we plan evaluation of detection limits based on theoretical criteria, when we complete a scheme for atmospheric correction of GOES and AVHRR data.
Relative sizes of some volcanic clouds
The Table 2 shows similar data for the largest eruptions of early 1999. The 1997 events show higher fine ash masses, larger cloud areas and mean optical depths (Figure 2) . Height estimates of the 1999 clouds are also generally lower (Figure 3) . Cloud heights and the mass loading of fine ash from satellite data is shown to be a useful way to measure the relative intensity of activity. In the case of Montserrat, where a large part of the island remains evacuated but activity persists, an objective method for quantifying the scale of eruptions is an indication of whether the eruption is declining in intensity. Because of its 24 hour coverage, synoptic view and its viewpoint far above the low cloud cover that masks the volcano from the ground, GOES is more advantageous for measurements than any ground-based method. At Montserrat, GOES observations confirmed smaller scale of activity in early 1999 from a measurement of intensity that was not possible by other means.
Discussion
Comparison of fine ash masses can be used as a measure of intensity of eruptions, and regularity of satellite data offers a way to continually measure this. In 1999 eruptions, the lower heights and ash content reflect weak activity compared to 1997. The generally declining intensity of the Montserrat activity as expressed by seismicity since 1997 has caused a relaxation of alert status (MVO daily reports, GVN Bulletins) and the ability to measure eruption intensity may be of use in assessing ash hazards to aircraft and health [Baxter et al, 1998 ]. In the case of Montserrat there is extensive ground-based monitoring that aids in assessing the state of the volcano, but in cases of limited ground monitoring at restless volcanoes, GOES can provide valuable monitoring information by assessing the relative scale of eruptions.
The compilation of retrieval data on very small eruptions (Table  2) is new and allows us to use a specific case study to estimate a minimum detection limit for GOES 8 retrievals. In, table 2 the smallest reported fine ash mass is 155 tonnes, reported for an eruption cloud with only 3 anomalous pixels. The one sigma error in this mass is estimated at +100 tonnes. Below this threshold, recognition of a volcanic cloud is entirely based on spatial relationship to the volcano, and where the volcanic ash produces an anomaly which is no more coherent than surrounding scattered (Table 3) 
